End-to-end QoS management issues over DiffServ networks by Pataki, István & Gulyás, András
 õHå:lölô:l÷õIå£& ô ÍþÏõHÏ)Òs÷)Í ÷õö+Ìløø÷ø£ôtÔs÷ Ê"ä Ì1!÷ Ê Ô õ÷öÖ ô Ê! ø
ð»lo>Xn è ³XoP³éjkL³Xn º#¹ n º ±B>X»0=VÚÛf×Í>X»
¬ ^  ^ dLy.yP 2^ zFyP ^ ¢ ^%gÐ  g}2e dL ^   yP ^ ¢ ^`g z.d e Ql  ¢'O'y ^%g zASd g9^`e z ^ zQS ^ ×cSz ^ yP ^ dO   ^%g  g9^`e QSÁ
yP 2^ dy ^`g d ^ y e d a­ O'QyP 2^`a  e¦e ¢'¢'QSS e yPS.dzI¿`dØyP ^  e z ^   zO'l e ¢'¢'QSS e yP.dLzé¸ðï 8 ð|:7:Vëlí 8 y g9^`e y 2^ dLy
  yP ^ dy ^%g d ^ y0y g}eX<Ï ESzdL.y ^ d.O _    g z e yPSz  RSd _ yP ^ åO e QSSyPR aj^`2e d a  ^ d a O'z ^%g zX¿'bc.× ^  ^`g Y
é¸ðï 8 ð|:7:Vëlí 8 Sz©yP ^ .dQSR2z ^`g S ^Øe ¢'¢ g  e l«.d yP ^ dLy ^`g d ^ yAyP ae R@¿j ^ d ^ yP×c g  ^ Q ^`2^ dLyPz¦y g R2yP ^  g
 ^ zyLyP aj^ QSS ^`g yP ^ ¢ e l ^ yPzyPyP ^  gFaj^ zyPSd e yPS.dz×cSyP.O'y e dRØ eXg9a ..O'd a z|.d ^ d a ÁPyP.Á ^ d a­aj^ Q e R¶Y
µ SyPy ^`g Y e d a Q e y ^ dLlRM¿%j ^ z ^ 2 _ O eXg}e dy ^`^ z1á eXg9^ d.yMzVO <Ï l ^ dy   g ;¿ ^ ¿ Y e f aj^ .l.d P^`g9^ dL ^ Y¶ ^  e O'z ^  _ 
aj^ Q e R gLµ SyPy ^`g  e d­lO'y a .×­d gFg O'Sd­yP ^ dLy ^`g}e lyPSfSyPR e d a O'z e .SQSSyPR@¿
j ^Ä_  e Q  yP ^ dy ^%g d ^ y \M^`g S ^#ª'g . aj^`g z \Mª zV§SzyP«z e yPz  R«yP ^ åO e QSyPR aj^`2e d a   lO'zÁ
yP 2^`g z e d a yP ^ dzVO g9^ yP ^ z eX2^ zV g y  ) \2e d aJg9^ QS e .QSSyPR«. ^`g  ª d ^ yP×c g z e zSd yP ^ l g lO'y
z×cSyPl ^`a d ^ yP×­ g zI¿R e ¢'¢'QSRfSd _ ¢ e l ^ y|lQ e zVz Ï  e yP.dxyP ^ R£ e d aj^ QSS ^%g¦a  <P^`g9^ dy|fSd a   z ^`g Á
S ^ z.d£yP ^ z eX2^ QSSd¨×cyPL.O'y a .×cd _g}eXa Sd _ yP ^ åO e QSSyPR   yP ^   ¢' g y e dLy
ë'.×czI¿E¯d ^   yP ^
¢'.zzS.Q ^ z.QSO'yPS.dzSzyP ^   P^`g9^ dLyP e y ^`a\M^%g S ^ z eXg lLy ^ lyPO g9^ ¿
  P\M^`g '-PT1/'Sz e  aj^ QjyP e y e QSQ.×cz aj^ ¢'QS.R 2^ dLy*  ) \ Sd e zV  ¢'Q ^Pe zS.d£O'zVd _ d ^ yP×c g 
aj^ S ^ zF.dQSR e d a QSSd _ y g}eX<Ï  e y e d eX_f_g9^%_fe y ^ Q ^  ^ Q g}e yP ^%g yP e dØ¢ ^`g ë'.×¿% <P\@^`g  aj^`Ï d ^ z*yP ^  \
 <P\@^`g f a  2e dLYX×cSlØSz e l.dLyP _ O'.O'z*z ^ y.   <P\M^%g  e ¢ e .Q ^ dL a^ zI¿ì¯..O'zVQR¶Y`×cSyP.O'y e lÁ
lO g}e y ^sa  2e Sd 2e d eX_f^%2^ dyPY`yP ^ l.d ^ ¢'y a  ^ zFdL.y×­ g  ^`<P^ lyP ^ QSR@¿`{ã¢ g .¢ ^%ga  2e Sd 2e d eX_^`g
Sz e .Q ^ yPO'z ^ yP ^g9^ zV.O g  ^ z|  yP ^a  2e Sd   g9^¦^` P^ lyPS ^ QSR¸Y e d a52e  ^ z§Sy0¢'.zVzS.Q ^ yPØz e yPSz  RØyP ^
lO'zyP 2^`gÎ zlQ e   zI¿j ^¦a  2e Sd 2e d eX_^`g   yP ^   P\M^`g    a^ QfSzß e QSQ ^`a  e d a ×c a yP­ g . ^`ge z
Sdy g  a O' ^`a SdÄ¬  ZXÂ É g-Z/P¿
j ^ jÄz e × eXg9^   yP ^ yP.¢'.QS _ R  yP ^sa  2e Sd e d a  e zl g}g9^ lySd   g}2e yPS.dc.dyP ^ lO g}g9^ dyPQSR
g9^ z ^`g  ^%ae d aPgÞ^`^ QSSd e ¢ e lSyP ^ zI¿%j ^|2e Sd  O'dlyPS.dz  yP ^ j e d ^§_g .O'¢ ^`a dLyP©yP×c _g .O'¢'zI¿
j ^ SdLy gÐe Á a  2e Sd  O'dlyPS.d e QSyPR¨l. ^`g z 2e d eX_ Sd _ yP ^Øg9^ z.O g  ^ zE  yP ^ .×cd a  2e Sd¿¦{d.yP ^`g
_g .O'¢   yP ^ j  O'dlyPS.dzSzyP ^ SdLy ^`g Á a  2e Sd l 2 O'dS e yPS.d ^ Å@y ^ dLzS.dY'×cSl SdlQSO aj^ z ^ ÅÁ
l e d _^   Sd   g}2e yPS.dØ.dyP ^§e  e SQ e .Q ^ z ^`g S ^ zF ^ yP× ^`^ dyP ^  e d a ×c a yP g . ^`g zA  yP ^§eXaµ e  ^ dy
a  2e SdzY e d a yP ^ d ^%_ .yP e yPS.dØ e z ^%a .dcyP ^g9^  ^ S ^%ae  e Q e .SQSSyPRÄSd   g}2e yPS.d¿
d­yP ^ Q e zVy0yP g9^%^ R ^`eXg zz ^  ^`g}e Q.dLy ^`g Á a  2e Sd#¢ g .yP.l.QSz| e zß ^%^ d a^  ^ Q.¢ ^%a zO'l e z§j¤©¬ ª - É /Y
\ j \ -W/Y@¬|®c{ ª -Æ/ ^ yP¿j ^ z ^2^ yPL a z eXg9^ Sd a^ ¢ ^ d aj^ dLy Pg   yP ^¦g .O'yPSd _ O'z ^%a Sd#yP ^ d ^ yP×c g 
e d a£ .lO'z 2e SdLQR2.d2yP ^ l gÐgÞ^ ly eXaj SdSzy g}e yPS.d5  Sdy ^%g Á a  2e d g9^ z ^`g  e yP.dLzI¿*{QSyP.O _ 2yP ^`gÞ^
eXg9^ z ^  ^`g}e QAz.QSO'yP.dLz   g ) \2g .O'yPSd _ YjyP ^ dLy ^`g d ^ yzyPSQSQ*O'z ^ zzy e yPS g .O'yPd _ e z× ^ QSQ;¿ \ SdL ^ yP ^
^` Ï l ^ dlR­  yP ^ z ^ ¢ g .yP.l.QSzß _ QSR aj^ ¢ ^ d a z|.dyP ^¦g .O'yPSd _ce Q _  g SyP  e ¢'¢'QS ^`a d#yP ^ d ^ yP×c g Y
yP ^ R 2e RØ¢ g  a O' ^ QS.× g9^ z.O g  ^ O'yPSQS ]Xe yPS.d eX .d _ zVy e yP g .O'yPSd _^ d g .d 2^ dyÐ¿
¯O g ×c g ¢ g9^ z ^ dyPz e d#SdLy ^`g Á a  2e SdÄl 2 O'dL e yPS.d¢ g .yP.l.QYI×cSlÄ×­ g z|d e  e d a ×c a yP
 g . ^`g^ dLf g .d 2^ dyÐ¿  ^ O'z ^¦e jjY@×cSlÄzO'¢'¢' g y a Rd eX SsdLy g}e Á a  2e Sd g .O'yPd _ ¿fjSz 2^`e dLz
yP e y'yP ^ Sdy g}e Á a  2e Sd#z aj^   yP ^ j2Sz e .Q ^ yPØl e d _^ yP ^Eg .O'yPSd _ ¢ ^`g ë'.×EYM  yP ^ dLy ^`g Á a  2e Sd
¢ eXg y e zz|y'yP¿  ^ z ^ ¢ eXg}e y ^ yP×cyPR¢ ^ z 'g .O'yPSd _ Sd#yPSz× e R@¿Mj ^ Sdy g}e Á a  2e Sd g .O'yPSd _ Y×cSl
Sz§yP ^ ¢ eXg y0  yP ^ SdLy gÐe Á a  2e Sd 2e d eX_^`2^ dyPY e d a dLy ^`g Á a  2e Sd g .O'yPd _e z§yP ^ ¢ eXg y  yP ^ dLy ^`g Á
a  2e SdJl 2 O'dL e yPS.dF¿ÄÀzSd _ .O g .×­dxSdy ^%g Á a  2e d g .O'yPSd _«2^ yP a yP ^ já e d e QlO'Q e y ^
z ^  ^`g}e Q e QSy ^`g d e yPS ^g .O'y ^ z§yPyP ^©aj^ zyPSd e yPS.d a  2e SdLzY e d a ¢ g  a O' ^ L _  ^`gg9^ z.O g  ^ O'yPSQ ]Xe yPS.d
e d a#_fgÞ^`e y ^`g zO'l ^ zz  O'Q g9^ z ^%g  e yPS.d g}e yPS¿
jLz¢ g .yP.l.Q aj^`Ï d ^ z e  e SQ e .SQSyPR 2^ zz eX_^ z   gFe QSQfyP ^e  e SQ e .Q ^ zSd a  2e SdzI¿M{d e  e SQ e .SQSÁ
SyPR 2^ zz eX_f^ l.dLzSzy|  Y*yP ^ d eX2^   yP ^ zSd a  2e SdYAyP ^ce  e SQ e .Q ^  e d a ×c a yPYA.¢dO   ^`g
e d a .yP ^`g ¢ eXg}eX2^ y ^%g zX¿cj ^­e ¢'¢ g .¢ g  e y ^ ¢ g .¢ eX_e yP.dx  yP ^ z ^c2^ zz eX_f^ z 2e  ^ zSyß¢'.zzV.Q ^ yP
 e QSlO'Q e y ^ yP ^ d ^ Å@y*.¢ a  2e Sd   gs^`e l£zSdL a  2e Sd¿LSz©¢ g .¢ eX_e yPS.d ×c g z¦. ^`gsa  2e dLz
QSS ^ea Szy g S.O'y ^`a ) \g .O'yPSd _ -Â/.. ^`gg .O'y ^`g zI¿  ^©e QSz aj^`Ï d ^EegÞ^ z ^`g  e yPS.d#¢ g .yP.l.Q ^ yP× ^`^ d
 e d a ×c a yP­ g . ^`g zY×­LSlO'z ^ zyP ^  e QSlO'Q e y ^`a d ^ Åy0.¢ a  2e Sdz§yP a^ y ^`g} d ^ yP ^ ¢ e yP#  yP ^
ÃVÊ
g9^ z ^`g  e yPS.dF¿ j ^ ¢ gÞ^ z ^ dLy e yP.d×cSQQ _  ^e dÚ. ^%g  ^ ×Ù  yP ^ z  O'Q e yPS.dâ  yPLzdLy ^`g Á a  2e Sd
l 2 O'dS e yPS.d 2^ yP a­e d a ×cSQSQ.Sdy g  a O' ^ yP ^2^`e zVO g9^`a#gÞ^ zO'QSyPzI¿
îsmX¼mX±mXnjilmX»
-PT1/ \ ¿jQ e  ^s^ y e Q;¿ YI{d{ g lSy ^ lyPO g9^  g   P^`g9^ dLyP e y ^%a\M^`g S ^ YX¬  ZXWfÃVÆXYj#TVÊXÊg
-Z/©¿@®clL.QSzYj¿N e l..z.dLYj§¿   e d _ Y'{ÜM×c.ÁP.Sy <P^`g9^ dyP e y ^`a\M^`g S ^ z©{ g lSy ^ lyPO gÞ^  g yP ^
dy ^`g d ^ yÐ¿ NPO'QSR2TVÊXÊXÊf¿
- É / ª Sd _ª ¿ ª'e dLYLjQSQ ^ d5¿Xb e Ld ^ Y¥`zsb ^ ddLSd _ ¤¿ \ lO'Q ]X^`g Sdd ^ 2Vj¤©¬ ª|Ç`\ SdÁP g9^`^ ÁP e z ^`a { __fgÞ^ Á
_e yP.d   g 7dLy ^`g ÁP 2e Sdc¬ ^ z ^`g  e yPS.dz,á
-W/).d ^  e d a ×­ a yP g . ^`g { g lSy ^ yPO g9^ ×c g Sdc¢ g  _g9^ zz
http://qbone.int er net2 .ed u/ bb/b boutl in e2.h tml-Æ/ d  e d _ YXb ^ ddLd _\ lO'Q ]Xg dLd ^ 2V¬®­{ ª|Ç {ä¬ ^ z.O g  ^ ® ^`_ .yP e yP.d e d a#ª'g SlSd _Øª'g .yP.l.QWá
-Â/ \ L _e d _#  ^ dY.sQ eXg}e ® e  g zy ^`a y2V{d2¯ ^`g  ^ ×  )O e QSyPRÁP  Á \M^%g S ^ ¬|.O'yPSd _Ä  g yP ^ ® ^ Åy
¤ ^ d ^`g}e yP.dcbc _ Á \ ¢ ^%^`a ® ^ yP×­ g z Ç¶ª'g ..Q ^` z e d a#\ .QO'yPS.dLz,á
gX[
